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Auxiliary frequency regulation control strategy based on virtual synchronous

machine for electric vehicles considering user demand
SU Su',LI Jiahao',LI Zening', WANG Yeting’,XIA Dong’, WANG Shidan*
(1. National Active Distribution Network Technology Research Center,Beijing Jiaotong University, Beijing 100044, China;
2. State Grid Xinyuan Holdings Co.,Ltd.,Beijing 100761, China;

3. Economic and Technical Research Institute of State Grid Tianjin Electric Power Company,Tianjin 276000, China;

4. Haidian Electric Power Supply Company of State Grid Beijing Electric Power Company,Beijing 100000, China)
Abstract: A large number of grid-connected EVs(Electric Vehicles) can provide auxiliary frequency regula-
tion service. Aiming at the problem of lacking inertia and damping caused by V2G (Vehicle-to-Grid) , the
virtual synchronous machine technology is adopted to make EVs have similar inertial damping characteristics
and frequency regulation characteristics to synchronous generator. In order to solve the frequency regulation
problem of EVs,an intelligent EV charging and discharging control strategy considering users’ charging de-
mand is proposed. Firstly,the frequency regulation participation factor is proposed,and the primary frequency
regulation coefficient is adaptively determined according to the expected state-of-charge and the planned
charging time of users,and then the primary frequency regulation power is obtained. Then,the T-S fuzzy
controller is designed with the full consideration of users’ demand,and the secondary frequency regulation
power is obtained according to the frequency deviation and frequency regulation participation factor of power
grid,so as to realize the intelligent charging and discharging of EVs. Finally, the simulation verification is
carried out under different initial state of battery and user demands. Simulative results show that the pro-
posed control strategy can intelligently control the charging and discharging of EVs according to the fre-
quency fluctuation of power grid and the charging demand degree of users,and EVs’ participation in the
auxiliary frequency regulation service of power grid under the condition of meeting users’ charging demand
reduces the frequency fluctuation of power grid and improves the stability of power system.

Key words:electric vehicles;virtual synchronous machine;auxiliary frequency regulation;user demand;control
strategy ; V2G
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Fig.B1 Response power curves of VSG under different inertia moments and damping coefficients

® B2 B EVNTESH

Table B2 Simulation parameters of single EV

EV EV A M) SOC/% Ssoc.e/% To/h ao

EV, 60 85 3 0.920

EV, 50 85 33 0.508

EV; 40 85 3 0.066

EV, 30 85 3 -0.127
504

502

50)

f/Hz

498

49.6
0

1ls

v

FEI LT FE AW

-4
0 5 10 15
1ls

(b) — ISR T



TR ZE kW

)
T

BT D kW

4
Aok

60.02 T T

SOC1/%
3

59.98 : -

50.04 T T

50.02 [ 1

SOC2/%

40.04 T T

40.02 - 1

SOC3/%

30.14 T T

30.07 b

SOC4/%

t's
(f) SOC

B2 FERERIZHIRER I I ELER

Fig.B2 Simulative results of charging/discharging control strategy



0
S | e
4
a 21
0 02 04 06 08 1 12 14 16 18 2
SR AT AT
5 ; ; : . , ———
/
6 /
2 /
S 4 T ’
& /
5t ¥
P s : ) .
0 01 02 03 04 05 06 07 08 09 1
K22 5 RN
(a) $EAZEN 0.4 Hz
st e
x
S 1 e
[
& o5t B
S I : ‘ .
0 04 0.8 12 16 2 0 0.4 0.8 1.2 1.6
SR 178 KT
5 7
4t /
25 -
S 2 P
&1 T
or 7
A1 - - - - - - - - -
0 02 04 06 08 1 0 02 04 06 08
K522 ST
(b) HiF Az N-0.4 Hz
B3 iEHIEHIREE TR R
Fig.B3 Simulative results of fuzzy control strategy
v
1
R ‘ AP,
v AP, Y.
ﬁ » ! > ! > > 1 Ay
s |+ Ts+1 T,s+1 + Ms+D
+
v s <
APIIV

B4 & EV B XIH AGC #l4AEIRE
Fig.B4 Frequency regulation model of AGC unit in single area with EV

—K

e/ ¢

7y
N G(s :+ APgy
> G T.,J. s +J s+D,
S EV i R

B5 EV £ 53R
Fig.B5 Model of EV participating in frequency regulation
£ B3 W EVMTESH

Table B3 Simulation parameters of multiple EVs

EV O/(A-h) Ssoc,0/% Ssoc.e/% BB/
EVi 100 60 85 1000
EV. 100 50 85 2000
EV; 100 40 85 1500
EV4 100 30 85 1000
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Fig.B6 Simulative results of multiple EVs participating in frequency regulation
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